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Jet calibration

Jet energy scale
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Jet performance studies require a complete calibration chain:
noise thresholds, LCW, pileup subtraction, and energy scale ¥
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Production of dedicated
datasets at several mu
and pileup noise values
(sigma)
o Optimized calorimeter
signal reconstruction

« From single pion Monte
Carlo at each sigma value

o Jet energy scale for all
configurations
Calorimeter-only
simulation:
o No tracks available in this

analysis

o Focus on optimization of
calorimeter level
reconstruction

o Room for improvements
utilizing tracks
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Pileup is one of the main challenges

Challenges of plleup

—~ 1

jets

2p

10~

for jets and missing ET at the LHC:
Additional energy (offset)

Pileup fluctuations:

o increase the noise term of the jet energy
resolution (event-by-event fluctuations)

o addifional fake jets (local fluctuations)
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Pileup subtraction (2012)

arXiv:0707.1378 [hep-ph] 14Jei energy resolution improvement
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Estimate, event-by-event, the pileup p; density
o Based on energy depositions outside hard jets

Subtract pileup contribution based on jet area
o Accounts for global pileup fluctuations from one event to another
o Global pileup estimate, not sensitive to local fluctuations

o Residual correction to account for higher occupancy inside jets and
out-of-time pileup effects
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Pileup subtraction (2012)

Residual correction

P = pr — — a(Npy — 1) — B(w)
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<mu> is the average luminosity per luminosity block g

» sensitive to out-of-time pileup for fixed Npy,



Pileup suppression (2012)

JVF[jet2, PV1]= 0
JVF[jef2, Pv2] =1

* Pileup local fluctuations within a same event can

Fraction of jets

lead to (fake) pileup jets:

_jet2 )

-/ +  Mix of QCD jets from additional interactions and
IVELer. el f | random combination of particles from pileup

inferactions

« Jet vertex fraction algorithm

o Reject fake pile-up jets using fracking and vertexing
information

Jet Vertex Fraction (JVF)

r » Y Y r /\c*g 7\ T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘7

| | ' | | '] _® 1.4 Anti-k, LCWR=06  ATLAS Preliminary ]
0'6:_ B < ~ p,>20GeV, <21 Simulation .
| ATLAS Simulation ] o, 1-2[ Pile-up Jets s =7TeV 1
0.5 PYTHIA QCD dijets 7 ® | —= offsetcorrected (W) =20 .
C anti-k, R=0.4 ] O 1 —— pxarea corrected i
0.4 2x10® cms™, 25ns pile-up 1 Q [ JF>025 4 )
n P, =20 GeV,Inl<20 ] ) 0.8 + —
0.3F Hard-scatter jets E <>) - ** + ]
r I Jets from pile-up . o 0.6 - ]

- ; o T =% | Jet )
0.2:— — + 0.4 "' areas -
B ] - B - i

- - O N, o
_ - 5 V.2 - _aA—A~ ]
0 : i AT
- S 1 = OoF ATV vV vy vy vy VYV Yoy

0 s I : : : I : e ! m 7\ | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘7

0 02 04 06 08 1 5 10 15 20 o5

Jet vertex fraction (JVF) Noy 9



Pileup subtraction (HL)
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« Significant increase on the width of the rho distribution with pileup:
o Larger pile-up fluctuations
» Linear behavior of rho up to high mu for fixed pileup noise values

« Higher pileup noise values lead to partial suppression of pile-up:

o Larger suppression of pileup activity by pileup noise (siama) 10




Pileup subtraction (HL)

« Residual offset after subtraction is mostly pileup
Independent

- Jet areas subiraction, topo-clustering, and local cluster
weighting work well at high luminosity
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Jet energy scale
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Pile—%p subtraction restores the jet response to that of the jets with
Mmu=
Jet energy scale restores the response to unity

Jet calibration scheme works well up to very high luminosity .



Resolution=0p,,,qs./RESPONSE

Jet energy resolution
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Fractional jet energy resolution degrades at low p; due to increased
(pileup) noise term:

o Local pileup fluctuations within events, not captured by the global event-by-event
median p; density (rho) used in the calibration

Noise term increases as sqri(mu)

o Linear behavior of topo-clustering, pileup subtraction, and jet calibration up to very
high luminosity

Expect improvements using tracks
o Reduce local pileup fluctuations




( Pile-up jet multiplicity )
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Pileup jets
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Pileup subtraction
significantly reduces the
mean number of pileup
jets per event
o About 3 (0.5) pileup jets
with p>20 (40) GeV per
event af Np,, = 140

Further improvements
expected using tracking
and vertexing information
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Jet substructure

« Key technique for reconstruction
of boosted objects

« Grooming algorithms significantly

Jet tfrimming
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« Trimming with 2012 parameter optimization works at mu=140

« Degradation in resolution, but lots of room for improvements 1



Jet grooming performance
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Jet grooming performance
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Raising pileup noise values reduces the mean mass, but does not affect the
dependence on pileup

4-vector subtraction successfully suppresses pileup, even without grooming
Trimming with subiraction further reduces pileup contributions to the jet mass



Missing ET

« Missing ET is computed only using topological clusters and calibrated jets
« Linearity of the response is within 1% up to mu=140
o Achieve a correct missing ET scale

o Positive bias at low missing ET is due to the finite resolution of the missing ET, and is
highly dependent on the event topology

« Missing ET resolution scaling with the number of vertices is independently of
<mu>, when the optimal pileup noise values are used
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Missing ET

* Missing ET resolution shifts upwards with pileup, but it does not change
the slope with mu

o Pileup affects the s-term of the resolution, but the k-term remains
approximately constant

o Large room for improvements using tracks to suppress pileup
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Conclusions

- ATLAS techniques for jet, jet substructure and missing ET
reconstruction and calibration work well up to very high
luminosities

o Topological clustering and local hadron calibration

o Pileup suppression

o Grooming

o Optimization of tfopological clustering pileup noise significantly
reduces the impact of pileup at high luminosity, and event-by-

event subtraction allows to maintain the same pileup offset than
in Run 1 conditions

* Resolution is degraded in some cases, but there is
significant room for improvements:
o Use of tracks and vertices
« Reduce local pileup fluctuations and further suppress pileup jets
* Missing ET
o Advanced subtraction techniques using more local information
o Opftimization of grooming parameters at high luminosity

20



Backup slides



truth
T

<prreCO/p

Jet response

- —  ATLAS Simulation Preliminary —— (W)=80c"""Pu=60)
s Pyth|a8 QCD dijets (2—2) \/s = 14 TeV (1)=80, Gpil.e-up(uzao) .
- anti-k, EM R=0.4 "I‘I’:i —

1.4  0<n|<0.3 — (u)=80,0':0isep(u=100) ]
19 - 25ns bunch crossing sk ()=0, G:‘(')‘;‘:p(u=60) E
. o (W=0,6"P(u=80)
11— e ()=0,6"° P (u=100)

: — PR y S L ‘ e LEREE anax Rl i _

0 . 6 — y L “‘:fjj’j ?‘3\{:._-"._-'-‘-'-_2&&‘-2‘-2‘-& -
0.4 e ;,:::f:jziﬁ’;"f e “\Very small small effect of e
. : ,,,,,,,,,,, e s|gmq nOISe on Slgnql :
0.2 , 1 —

30

40 50 60 70

|
100

200 300
pfll_'uth [G eV]



~ 10
>
O

£ 103
-
=

3 102
o
N
o

T 10

1

107"

Pileup jets

E I | I I I | I I I | I I I | I I
- ATLAS Simulation Preliminary

| Pythia8 dijets (QCD 2 — 2)

|_anti-k, R=0.4, {s=14 TeV Pileu p jet
E n|<2.1, 25ns bunch spacing

" (=140, 0™ ®(u=140) multiplicity
- —e— LCW, pT>20 GeV (mu=‘| 40)
= —o— LCW, p_>40 GeV

. LCW + jet area, pT>20 GeV

- —g— LCW + jet area, pT>40 GeV
- ———
o +++

Pileup subtraction
Njets>20GeV iﬁi I

R e L lPileup subtraction|

| lllllIII L 11111

111 lllllll

|

———0— _O_—(}—é

T TTTT

Njets>40GeV

o o001

111l

A

0 —1— =
—D—_D_ —
|

! ! P I L
120 140 160 180
Truth vertex multiplicity Nvtx

100

Pileup subtraction
significantly reduces the
mean number of pileup
jets per event
o About 3 (0.5) pileup jets
with p>20 (40) GeV per
event af Np,, = 140

Further improvements
expected using tracking
and vertexing information
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Granularity (blue) Topo Clusters (red)

10 B

—
LA

—
U
‘lli

Experimental issues

Noise thresholds
(topoclusters) have a
different effect inside and
outside the core of jets
(pileup particles outside jets
are more suppressed than
inside jets, where signals are
more likely to be above
threshold)

Coarser calorimeter
granularity above | eta | >2:

o Few clusters from pileup
(noise) only above
threshold

o Need fo restrict the
calculation of rho to the
central eta region

o Leads to areduction in the
power of the jet areas
technique to correct for
pile-up effectsinthe
forward region



Jet energy resolution

« Jetresolution is described by three parameters: noise (N), stochastic
(S) and constant (C) termes.

+ Pile-up determines the noise term: 1/p; dependence in the fractional
resolution means a constant (p;-independent) smearing of the
absolute p; from pile-up (noise) fluctuations

o Constant term is not affected by pile-up
o Noise term determines the jet resolution at low p;
o The key to improve jet energy at low p. is to reduce the pile-up fluctuations!
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Out-of-time pileup

ATLAS LAr calorimeter has a large integration time relative

to bunch spacing:
o Out-of-time pile-up contributions

o bi-polar shape compensates, on average, for both in-time and out-of-
time pile-up, but out-of-time effects vary significantly within sub-detectors

(eta-dependence)
o ATLAS needs both in-time and out-of-time pile-up corrections

CMS is mostly insensitive to out-of-time pile-up:
o 2 time-slices (TS) for infegration
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